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Wz.i-£* ^MMU6it* 10nm^t>15 0nm<?)f*©ZnO^ 3 0nm^«b5 0 

0 nm<Dm*<ommtz, zv>n\zr*&Litffi%wkt-tz>c\ti)m*^o zno#io 

n m i 19 J* v»»£-fc V n ^**gBJfe^- y h < & *) * MiZ 

1 5 0 nmi DWv^^tt z n O IfrOMJR^i < & *> > *W3afc«1Eim*T»f S 

ML, ff^SSy'Jn^t^a-^ M:AW5*4fli)J»*-5o «RoKJ¥*»3 0 

* h<nmmzmsz>o 

[0 0 8 7] 

mm*--? hti>Kn i pmmvmxffim-t&zkismt lv*„ 
mnm 1 1 

[0 0 8 8] 
[0 0 8 9] 
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[0 0 9 0] 
[f£l] 



15 



\ 



8 



(JfctScM 1 ) 

Jt«« uu, bii t^-r j: 9 *«*ajte*a£jfti6fi*f^»it3to w*i. 1 mm 

> 1 2 7mmft©^7^itl±};, I^l«l2UtI$8 0 0 nm<Dt?75 y KjR 
T?*ojfe 0 *fcC3t»T?«5feL^>fXsptt 1 2%T?*»K BUflRSdltftlOOnm'C 

ti)SE# 2004-3055187 



#M 2 0 0 3-2 7 9 4 9 3 ^- v : 16/ 

mt*sv = s^m^ o. 3^011^1-/^^2, 3 0 nmo 

n« B V>'J3>l3 3^fe**«r^m3EJfeJt.-y h3MU «W"CJ*$ 1 5 n 
mOpIIgSi"j3>| 5 1, J*§2. 5^mO i M^ B H H R^ 'J a >Jf 5 2, RtflPS 

1 5 n m^) n«| fl y V 3 >i 5 3 ^^^«TOaz h 5 ZmXMJ&Ltto 
*<D&, SIlSS6i: Lxm* 9 0 nmOA 1 K-^lifcZnO^ 3 0 0 nmO 
A g ^KTlft^JtLfc, 
[0 0 9 1 ] 

WO^CL-Cll^fciiljferaii (««lcm 2 ) KAMI. 5 
4:1 0 0mW/cm 2 ^itI«LT2 5 ^ ^aj##14£&ijfe L£ <h d 5, §BJfc*E ( 
Vo c) 3 5 3 V, (Jsc)fll. 6 ImA/cm 2 , ffifcH^ 

(FF) 3*0. 7 3 4, ftTWfc»$ (Eff)^ll. 5 3%t*o/S e 
[0 0 9 2] 

0fc*E«2) 

10nlMSvV3>l 33*, f$30 nmOnlO^f^tvU 3V3 9T*g# 

3 9«»0^0|lttS i H4/C02/PH3/H2 = 5/2. 5/0. 1/10 

0 s c cmT-&3o VMttfttt 13. 56MHz, ^7-M2 0mW/cm2, JE^J 

1 0 0 P a. «SE2 0 OtfSILfco do t I^Sifty'j a y 3 9^ jgr*^ 
*»Ki«l 8K?%, 6 0 0 nm^{:^nSj)f$(i3. 0, 7V^aT-il5gLfc* 

-*B«Jfcli0^*Sh&*;d**<, DS« Wt±1 . 2X10- 6 S/cm^cfco 
[0 0 9 3] 

^±OJ:^K:LTj»fe*L3i!s*M*«jafc«« (Sllilcm 2 ) KAMI. 5^ 
* 1 0 0raW/cm 2 ^MItLT2 5 TCT?ffi##te*«£ Lfc d Vo c**l 
. 3 5 4 V, Jsct5U1. 6 4mA/cm 2 , FF#*0. 7 3 0, ^LtEf f^ll 
. 5 l %T-£o7t 0 fcfllfcLfcfc d£, jtra 1 Kft^rHr**«JEIftJt.- 

?M40. 9 9, «TO^7Mil. 0 1,^1. 0 OT^oL 
[0 0 9 4] 

SHb~> U a > 3 9 t±, JB«fsp**3. Oti^^o-e, a>*^v^(i^®i/i; a 

-€-0»^t±*fiHBMb'> »J a xnmmmm&l&TLXF FOj^t «fc * E f f OfiT 
^tfb^t^v>oT% Ja«f^s*T»f*dt3i*T?#4^o 
[0 0 9 5] 
(l&ttff 1 ) 

[0 0 9 6] 

nlh>'J a>«#«4 itlffliWFO^oatfitts i H4/C02/PH3/H2 = 5/ 
10/0. l/1 0 0 0 sccmT^S o IWiliU. 56MHz,A9^H 
0 0mW/cm2, E*100Pa, IMRilft2 0 OttilLfc, :oi:| n iyij a 
>**MMI±, R1'»*»ft*»4 2«^%, 6 0 0 nmO*k:#f*JB«f*tt2. 0, 9 
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[0 0 9 7] W • " 

tt±©j:^KLr»?,tLfc«MjfemaafcM (%nmmicm 2 ) cami. 50* 

* 1 0 0mW/cm 2 O}fc;I:'CHB#LT2 5 ^ ^m##tt£igiJ^L*: t £ * V o c**l. 
338 V, J s c*«l 2. 7 1mA/ cm 2 , FF^O. 70h fUEf f#ll 
9 2 % o fc 0 2-*i8«*at SHJfe L £ * , JfcfEtfiJ l Clfc^-r «r^**3E» - y 
Mil. 0 9, tMTO^yMil. 06, ^1. 0 8f*ot. 
[0 0 9 8] 

»0!)ll±, Jfctfcffll ^Jt^T^^FF^fiTLTV^^% j sc7&nmA/cm 2 m 
±±f*nLTEf f^|fiJ±LTi/^ 0 £ fc, f*jt|«jjla- ? h o^Mjgm»S 9 

CI fc * fc, 'ik-fi^M-gm^-- y Y <DfritmBtm$i i> 6 %Jt*0 L-C* 19 , v'J n 

^ o 

[0 0 9 9] 

(II WJ 2 ) 

[0 10 0] 

&±0£?KLT#fc*l£«JgMft«^&£m (§II«lcm 2 ) {CAMI. 5«jfc 
&1 0 0mW/cm 2 <7)^4T*BBitL-C2 5 "CT-m^#ft4ril!l^L7t £ C Vo c#l 
. 3 4 0 V, Jsc*U3. 2 9 mA/ cm 2 , FF^O. 6 9 2, f LTE f f^l2 
. 3 2%t?*ofc 0 ^SJSm»fL £ fflfljfe L <h .1 -5 , JtWJ 1 ^ib^Tm^m^a.- 

vnii. 1 4, Wiitmmk3--v h*i. 15,^1. i4-c*ofco 

[0101] 

^WJ2(±, £ifcfl|l J: Ij J s cMDLTE f f^|S]±LTV^o Sfc, * 

trv>*o £*Ui, fEnfrftm^J-- y b^niS^y'J a >tt^JB 4*»jMEffli"4 CI £: K 

/¥$3 0 nm^nMMM B H BvVa>^iiii1-i»^^^<^^ > -?-0^lRn^ 
j&*«ofcjfci&fcv>;ls 0 fcrtfU Jfctfcfljl. Slifcfll 1 KJt^T. FF#fiTU*^ i 

[0 10 2] 

mmm 3 > 

^MM3 t LT, m 1 4 izm-t* 9 4«fIMMf^ftSL/:o l 
&Of±, iM»i-7F30nli^ i-nlif^3 0nm©nly'j 
a y&^m 3 4 t, ilnll^SS? 5 nmOnlftftlv'ja'/fl 3 5 

[0 10 3] 

&J:OJ:}fcLT»6itfc«*aftmg&i$g (gfitlPiiftl cm 2 ) KAMI. 5 
Sri 0 0mW/cm 2 ©»llfLT2 5 ^ T«ffi##|££iaiJ£ Ltz t £ Voc#l 
. 346 V, J s ct&U 3. 0 4 mA/ cm 2 , FF#0. 721, fUEf f#12 

. 6 5 %-e& o fc 0 ^tflS5jK«aE*«jg Lfct;^, Asm i KJt^riW**«ie* j-- 
yMil. 12 % |^*t«JJiasnttl. 0 8, £#1. l2T?*ofc 0 
[0104] 

^ife^Il3{±, £jfc0l2 J: J sc»LTV^^ FFrt*|6]±LTE f f 5&*ffl± 
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«j®ll <£ 19 &oTV>& 0 nly>j3>S^l3 4i:pIMiy'J3^5 1 OK 

fc, n MtikffiM, >"J3>13 5 L£ £ i: K J: «? , n / p Wm<D&mWsfotfm,'J? LX 

FFML^i:fx.^liSo »ALtn« B B a y'^>13 5?>J¥$^5 nmtS^ 
Ztfrh, mt&M2 Kit^X J s cWli^t «9 § < &v> 0 
[0 10 5] 

(mmw 4 ) 

&tf>ii. fr**mgeSla.- y h 3WnIl^ i-nIit^I$10nmOnW 
a H H vV 3>Jf 3 6 H_nIi!JI-e&&J?£ 6 0 nnKOnl'/'J 3 3 7 i:, 0= 

nlit^^f? 5 nm<OniMy'Jn>|3 8 LTMU^ i:t** 0 

[0 10 61 

l^±<D J: ^ C LT#«b^^tlI«Mi (Milcm 2 ) KAMI. 5 Oft 
£ 1 0 0mW/cm 2 Oftg^TOLT2 5 TCT?iB*«Ftt*a05feLfci: Voc^l 
. 350V. Jsc#12. 9 6 mA/ cm 2 , FF^O. 7 3 2, fLTEf f#12 

?M41. 0 7,»ifia-.;Kii. 11,^1. lOT^oTto 
[0107] 

_hLTE f f 7&?ffijJiLTv^ 0 iI^Sfyijn>3 2 tnly'jn^i3 

, nSaWSfiv"; rr>^3 6 *Jf XLtzZtKX f) , i /n^IWfMJii^LtF 

'Jnyttf-nlitiEnli^^tltff? 1 5 nm"C% »1<03 0 nmi «9 B 
^«tMl^S:i^$liT, J s c jFgjftfl) 1 J: «?*i#nLTV>& 0 

[0 10 8] 

(HMJ 5 ) 

in 1 6 *&w<?>mm 5 1 l-c, jim^i 2 o»jto^jgM3fcm^^stc*3v>T, 

gfi> C02/S iH40Ml~15«$Wmtt, £jfctt 1 t RI«JCft»Lfc 
o HI 1 6«(JtS6 0 0 nm^CMtSy'J a JS3r^ lUliy'Jny 

£ n * jfe^iiun l x^mmmm^-m-t & a*, jawap^ 1 . 8 t y 

[0 10 9] 
[0 110] 

$^UM*Sfo^[;^^ 0 iJf^L 7m±2. 5 *#5T'Jt»J 1 «t 9 

o^tmmm.m^mni-^o itmmix * 1 o %&±&®.<Dfrib®mnm*mM-t 

&tzlblzitmtfi*t:l. 8&±2. l&TK-t-Z'&mtf&Zo 
[0111] 
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mmm 6 > IF A 

m 1 7 k, *»wo^ifefti 6^3 gotiijiMillt, m 1 7 <D%%$m%i 

ZfLtZo lSlO*ISgJfta-7 KOilTO^Ify.j^^iii o 0 nm, 
2Si^M^7h?)iIl^^ H ^y';3^JJ§|ii. 2umT*£>&o 2 
aiOjfem32jftJ.-y h 5 aO±K, ff$ 3 0 nm©|^y'j3>M7, 1 5 
nmOplj8iiyV3>i8 1, 1P£2. 0^mOii^ B fy'j3>18 2, fctfl* 
$ 1 5 nm^nl^y'J =f >Jf 8 3 frh%2> 3^10^1^-7 h 8 £JE*ffc* 
Lifco -?-<Of£, S£®mM6 i: LTJ?£ 9 0 nmOA 1 K-y$*Ljtz nO^JI? 3 0 0 n 

[0 112] 

^±OJ:-9HLT»?,^3ao«JiS[*m3g|fe»« (§ll«lcm 2 ) KAMI. 
5<D?tZ 1 0 OmW/c m 2 Ojfeft-ejl#LT2 5 1CCffi2j#te*«|jeLfc V o 

c^l. 9 0 5V, Jsc#10. 0 7 m A/ cm 2 , FF#0. 7 4 5 , LTE f f 
#14. 2 9%-C^oTto 
[0 113] 

imm 3 L*C, m—<Oi/ V =» >1^Jf 4 is «t t>^-(7)v 'J a y&&m 7 v»J£W± 
Voc^l. 910V, Jsct5*9. 50mA/cm\ FF#0. 7 4 9, 
[0 114] 

^iiint, E f f &m±Ltz 0 

[0 115] 

(ISffitt 7 ) 

la i 8 k, *§&w<nmMm 7 (ommmnmitmm&^y^-jvzTri-to m 1 8 o«ist± 

, ! J-^*i!lEora«*«^L^|g2 0OZ nOO^KRWJi l 0 5*. y'jny^fi 
0 7Mtx.fc£Wti, EI2 0 i:HCijfi*LTv»i 0 fBR&&ti«Jfctil 1 

R^^fp^L/Co tv'a-A'^l^ttg l 0mmX4 5 5mmf*f), /\*^-- >^iz 
J: o £ H:«t>), #Waafc-fe* 4:100 «fc?!l8Mfc Lfc,, v V a 1 0 

[0 116] 

Lfzo itmM5 £ L, H2 OlC^i-TX^N-y ^T*^S!iL^J¥$3 0 nmOZ nO^ + lSE 
t*SfcJBv>T, *3©#**#fcv*»ji*fl:»L;fco Jt«0»6fcLT. H2 1 iz^mm 

[0 117] 

* 2l: > 7 £ ± IKJtttffl 4-6 O&ftMftflJIftttg&'e ya-;H:AM 1 . 5 <D 

1 0 0mW/cm 2 ^M«U2 5 VX-mfcL t £tf>% 0 *fflR 

j#***&^Jfc««4tCjfc^T. ZnOO + IBR*fJB«:JfXLfeJfctt«5J±, Voc, FF 
#*«Mi;TL-C*L (Pmax) , (E f f) WLTV^o £ 

*UiZ nOO«t»WRIt« 10 5, ^^1 2 3, gMttM 1 0 6Oi»t';-^l 

[0 118] 

»3ofi»«**tt»tfctttt«6tt, ';-^«aE3W«i$*LT«»«aE (i s c ) imm 

LTPma x3&*$j3WfflJhLTV>£ 0 
[0 119] 
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vU x>m&mWh*tzm&M7i±, Jtf£1?!6 tcJt^TS^J s c^itftnLT, Pm 
a x«f|4 KJf<Ti& 1 0WIb]±LTv^ o ,I*U4 N |g 30^gt^^M^^ -o 
Offi*n7#4<&ofcik^?)I s c 7& s ft _h Lfc ft & Q HS^itnM&zT- 

- y M 0 4 a , v')3 10 7, H**lSSj|ai M 0 4 b t^X^CV 

D-e^LTf^M-Ci &tf>TN y'J 3 J'flte'Ji 10 7 t&Jjft'mgmz-- ? M 0 4 b D 

^W-c^&FS&oj&awfc v»ou, f f #iaj± L #x. <b *i* 0 

[0 12 0] 
[0 12 1] 
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II ) ^ 


13.2 


10.6 


LO 


LO 


Pmax 
(W) 


50.5 


40.7 


28.7 


43.9 


Li. 


0.712 


0.729 


0.524 


: 0.694 


o O 

JO <. 


0.536 


0.420 


0.506 


0.464 


o ^ 


132.3 
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108.3 
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HE 
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ZnO 
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tn 
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CO 
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[0 12 2] 

[(HI] J"j3^|HOJtt6 0 0 nm<5D^&^*t-t-^®^tBf^m^<7>#tt 0 

[ii 2 ] -> a ^^sojsasiv^aiiRflKoiifttspfko 

[HI 3 ] v U n >«^loai9I7lttiO]Kfftftl!«IHII. 
[SI 4] 5'V3^«O9'7>l|fcawF^ 0 

[0 5] *>V=*>&&m<Dl&*Wt%i&mk, tI6 0 0 nm^^t4l»!| 

im 6 ] ^n^o^ifeM i ofii^imt, 

[in 8 ] *&moffi®mifcw.&&mmoMm<oM®mm*mffiLm<Dwum&o 
m 9 ] *§&w<offimmfti&&mmm<owm<DM&mm¥mmm<vm$Lm<$Lo 
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, 310] *Wfo*Jiajfcma£Jft««o^9X|6«*^A*ttfcjte©Rlt^« 
[011] !56*St#foJtttif| 1 <S>«JIM3fcm^&£lgo 
'"112] t£fej£ll!f<0jfcifcfl| 2 ?)filll|lgi 0 

U3] *$&w<DmmM2<Dmmmitm$mmw:o 

114] ^^fiOHife^J 3 Qllljbltitf. 

us] 4 o3»»a**ag»iSBo 

H7] *&m<D$mm 6 oms^wxttiaEit. 
— us] *§£w<DmnM 7 ommmmmsimM^ v * - 

[H2o] fe&imwtwm 5 (ot^if^i^^E v * ~)v 0 

[02 1] Mf<OJtti6(D*tl»l*Mtya-^ 0 

[#-^^>i^W] 

[0 12 3] 

1 ir*7*mm. 

2 jsigrae 

3 fMiffti- y h 

3 a y \ 

3 1 p S# H B a K^lb v 'J3>| 

3 2 il^lv'jn^f 

3 3 nlft^y'Javl 

3 4 l-nlit^^nl^ «> 'j 3 ^jfefiffifc^tr* SfMv V =3 >£-£Jf 

3 5 »InHn4n v 'J3>| 

3 6 i-nIft^^nI^ H B B v')3>i 

3 8 ^nli^^nl»f a y'j3>l 
3 9 n KWtit v a > m 

5 I- 

5 a flU^m^m^- * b 

5 1 plM>"j3>| 

5 2 iIfe B a fy'j3V| 

5 3 aiaSiy'J3>i 

6 Xllll 

8 f=*lMi-7 h 

8 1 pW B B B y'j3>i 

8 2 iI^ B B B l->'j3>i 

8 3 nlftftft->'j3^1 

1 0 1 i»l»l»ya-;v 

10 2 IfU.&M. 

10 3 j£HR&JS 

104 a «5Si*t««i-?h 
10 4b ft*jfe«S£ifta.- y Y 

105 ZnOOfBRWl 
10 6 ^~ffiW>UM 

i o 7 -iti?), xyfe&nz&ttw&nmit'sv *y&&m 

1 2 1 

1 2 2 fc-<0#«t8fc 
1 2 3 
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